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(57)Abstract: 

PURPOSE: To prevent the coupling noise of a signal line 
by providing a dummy scanning line, which is changed 
from a non-selective level to a selective level, contrary 
to a scanning line in an active matrix constitution from 
the selective condition to the non-selective condition. 
CONSTITUTION: An effective screen consists of 
scanning lines G1 to G480 and signal lines D1 to Dn, and 
in order to offset a coupling noise mounted from the 
scnaning line onto the signal line, two dummy scanning 
lines DG1 and DG2 are provided on the lower side of the 
effective screen. The dummy scanning line DG1 
corresponds to a scanning line driving circuit GDL, and 
the dummy scanning line DG2 corresponds to a driving 
circuit DGR. That is, the dummy scanning line DG1 is 
level-changed on an antiphase basis to the selecting 
operation of odd-number-th scanning lines G1, G3,... 
G479 by the driving circuit GDL, and the dummy 
scanning line DG2 is level-changed on the antiphase 
basis to the selecting operation of even-number-th 

scanning lines G2, G4,... G480. Thus, the coupling noises of the scanning line and dummy 
scanning line with respect to the signal line are mutually canceled, and the coupling noises can 
be prevented from being generated. 
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Japanese Unexamined Patent Publication 
No. 157826/1990 [Tokukaihei 2-157826) 

A. Relevance of the Above-identified Document 

The following is an English translation of exemplary 
portions of non-English language information that may be 
relevant to the issue of patentability of the claims of the 
present application. 

B. Translation of the Relevant Passage(s) of the Document 

SPECIFICATION 

1. TITLE OF THE INVENTION 

LIQUID CRYSTAL DISPLAY DEVICE 

2. CLAIMS 

1. A liquid crystal display device comprising a 
dummy scanning line which is changed from a 
non-selected level to a selected level when a scanning line 
of a liquid crystal display panel having an active matrix 
structure is changed from a selected state to a 
non-selected state. 
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2. The liquid crystal display device as set forth in 
claim 1, wherein: 

the dummy scanning line is provided at an edge 
portion of a liquid crystal display screen; 

a dummy pixel arranged in a same manner as . the 
scanning line is provided at an intersection of the dummy 
scanning line and a signal line; and 

appropriate masking means is provided at an area 
corresponding to the dummy pixel. 

3. The liquid crystal display device as set forth in 
claim 1, wherein only a dummy switching element is 
provided at an intersection of the dummy scanning line 
and a signal line. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[INDUSTRIAL FIELD OF THE INVENTION] 
The present invention relates to a liquid crystal 
display device, and relates to an effective technique 
applicable to a liquid crystal display device using a liquid 
crystal display panel having an active matrix structure 
mounting TFTs (Thin Film Transistors). 



[PRIOR ART] 

For example, "NIKKEI ELECTRONICS* published on 
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September 10, 1984, by NIKKEI McGraw-Hill, page 211, 
etc. discloses a liquid crystal display panel having an 
active matrix structure mounting TFTs. 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
According to a conventional method for driving 
liquid crystals, a scanning line is changed to be a high 
level that is a selected state, a TFT corresponding to the 
scanning line is changed to be in an ON state, and a 
signal level in accordance with pixel data is supplied to a 
signal line. Then, the scanning line is changed to be a low 
level, the TFT is changed to be in an OFF state, and a 
pixel electrode- that is equivalently regarded as a 
capacitance is caused to hold a signal. 

However, since the scanning lines and signal lines 
of the liquid crystal display panel intersect with each 
other and the TFT is provided at each intersection, there 
exists a parasitic capacitance therebetween. Therefore, in 
this method, the potential of the signal line changes due 
to a capacitive coupling, and the capacitive coupling is 
supplied to a pixel as a signal. On this account, it is 
necessary to input a signal generated by adding a level in 
which the amount of change is taken into consideration in 
advance. However, in this method, it is necessary to 
include a circuit for generating the amount of signal 
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change occurred due to the coupling and a level that is 
appropriate to the amount of signal change and for 
superimposing the level on the signal. This complicates a 
circuit of a signal line driving circuit. In addition, there is 
a problem in that a level adjustment with respect to the 
coupling noise is not carried out sufficiently. 

An object of the present invention is to provide a 
liquid crystal display device capable of canceling the 
coupling noise sent from the scanning line to the signal 
line. 

The above object, additional objects and new 
features of the present invention will be made clear by the 
description and drawings of the present specification. 

[MEANS TO SOLVE THE PROBLEMS] 

The following will briefly explain a representative 
example of the invention disclosed in the present 
application. That is, a dummy scanning line is provided so 
that the dummy scanning line is changed from a 
non-selected level to a selected level when a scanning line 
in an active matrix structure is changed from the selected 
state to a non-selected state. 

[EFFECTS OF THE INVENTION] 

According to the above means, the coupling noise 
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from the scanning line to the signal line and the coupling 
noise from the dummy scanning line to the signal line 
cancel each other. Therefore, it is possible to prevent the 
generation of the coupling noise of the signal line. 

[EMBODIMENTS] 
[EMBODIMENT 1] 

Fig. 1 is a block diagram showing one embodiment 
of an important part of a liquid crystal display device of 
the present invention. In Fig. 1, a liquid crystal display 
panel LCD includes a plurality of scanning lines Gl 
through G480 which extend in a lateral direction and a 
plurality of signal lines Dl through Dn which extend in a 
lengthwise direction. One pixel PX is provided at each 
intersection of the scanning lines and the signal lines. 

In the scanning lines Gl through G480, the 
odd-numbered scanning lines electrode (Gl, G3, ... G479) 
are caused to be in the selected state sequentially by a 
first scanning line driving circuit GDL provided on the left 
side, and the even-numbered scanning lines (G2, G4, ... 
G480) are caused to be in the selected state sequentially 
by a second scanning line driving circuit GDR provided on 
the left side, however the present invention is not limited 
to this. That is, since the scanning lines are alternately 
selected by the above-described two scanning line driving 
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circuits GDL and GDR, the scanning lines Gl through 
G480 are sequentially selected. The scanning line driving 
circuits GDL and GDR are controlled by selection signals 
SI and S2, respectively. Each scanning line driving circuit 
includes (i) a shift resistor which carries out a shifting 
operation by a synchronization signal (not shown) and (ii) 
a driving circuit, however the present invention is not 
limited to this. In Fig.l, one scanning line driving circuit 
GDL and one scanning line driving circuit GDR are 
provided on the left side and on the right side o fht eliquid 
crystal display panel LCD, respectively. However, the 
present invention is not limited to this arrangement in 
which two scanning line driving circuits are independently 
provided. That is, the scanning line driving circuits GDL 
and GDR may be realized by one semiconductor integrated 
circuit device, or may be realized by a plurality of 
semiconductor integrated circuit devices including the 
scanning line driving circuits GDL and GDR corresponding 
to a plurality of divided scanning line electrodes of the 
liquid crystal display panel. 

To each signal line (Dl through Dn), a pixel signal 
is supplied from a signal line driving circuit DD. The 
signal line driving circuit DD includes (i) a serial-parallel 
converting circuit S/P which converts pixel data supplied 
serially into parallel pixel data, and has a latching 
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function of holding the parallel pixel data and (ii) a 
driving circuit for driving the signal lines in response to 
signal levels corresponding to white/black levels in 
accordance with information of the above-described 
holding. In the above-described operation of converting 
the pixel data supplied serially into the parallel pixel data, 

(i) the pixel data for one horizontal line is supplied 
serially, (ii) the pixel data supplied serially is converted 
into the parallel pixel data, and (iii) the parallel pixel data 
is outputted to each signal line (Dl through Dn). 

A timing control circuit TG receives a 
synchronization signal SYNC, and generates (i) a shift 
clock CL for the above-described serial-parallel conversion, 

(ii) the selection signals SI and S2 for activating the 
scanning line driving circuits GDL and GDR, respectively, 
and (iii) a timing signal (not shown) necessary for the 
shifting operation. 

In the present embodiment, the scanning lines Gl 
through G480 and the signal lines Dl through Dn 
constitutes an effective display screen. Moreover, in order 
to cancel coupling noises sent from the scanning lines Gl 
through G480 to the signal lines Dl through Dn, two 
dummy scanning lines DG1 and DG2 are provided under 
the effective display screen, however the present invention 
is not limited to this. The dummy scanning line DG1 deals 
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with the scanning line driving circuit DGL, and the 
dummy scanning line DG2 deals with the scanning line 
driving circuit DGR. That is, the level of the dummy 
scanning line DG1 is controlled by the scanning line 
driving circuit DGL so that the level changes opposite to 
the level of the odd-numbered scanning line (Gl, G3, ... 
G479), and the level of the dummy scanning line DG2 is 
controlled by the scanning line driving circuit DGR so that 
the level changes opposite to the level of the 
even-numbered scanning line (G2, G4, ... G480). 

Fig. 3 is an equivalent circuit diagram showing an 
important part of the liquid crystal display panel LCD. 

At each intersection of the scanning lines and the 
signal lines (G479, G480, Dl and Dn are shown in Fig. 3 
as a representative example), a switching element Qs 
made by a TFT and a display pixel made by a pixel 
electrode PX described later are provided in a matrix 
manner. In the present embodiment, at each intersection 
of the dummy scanning lines DG1 and DG2 and the signal 
lines Dl through Dn, a switching element Qd made by a 
TFT and a dummy pixel made by a pixel electrode DPX 
described later are provided in a matrix manner. The 
reason why the dummy pixels are provided for the dummy 
scanning lines DG1 and DG2 even though the dummy 
pixels are not used for displaying is to equally arrange the 
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dummy scanning lines DG1 and DG2 and the scanning 
lines Gl through G48G with respect to the signal lines Dl 
through Dn to equalize circuit conditions, so as to 
generate the coupling noise from the dummy scanning 
lines DG1 and DG2 to the signal lines Dl through Dn and 
the coupling noise from the scanning lines Gl through 
G480 to the signal lines Dl through Dn equally. With this 
arrangement, by controlling the dummy scanning lines 
DG1 and DG2 so that the level of the dummy scanning 
line DG1 or DG2 is opposite to the level of the scanning 
line (Gl through G480), it is possible to cancel the 
coupling noises of the signal lines Dl through Dn with a 
high degree of accuracy. 

In this arrangement, appropriate masking means 
are provided at portions where the dummy pixels 
connected to the dummy scanning line DG1 or DG2 are 
provided. In this way, needless displaying by the dummy 
pixels is masked. In other words, liquid crystal pixels of 
the effective display screen are displayed. 

Before explaining in detail a method for driving the 
liquid crystal display panel LCD, the following will explain 
the arrangement of the pixel PX in reference to Fig. 5. 

Fig. 5 is a schematic plane diagram showing one 
embodiment of the pixel PX. 

A gate electrode Gi constituting the TFT made by 
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chrome (Cr), etc. is formed on a glass substrate (not 
shown) having a thickness of about 1.1 mm, however the 
present invention is not limited to this. The gate electrode 
Gi is formed integrally with the scanning line electrode of 
the liquid crystal display panel LCD. In Fig. 5, the 
scanning line electrode Gi is shown by a dotted line and 
extends in the lateral direction. A reference mark AS 
shown by a solid line is amorphous silicon. A film as a 
gate insulating film of . a field-effect transistor (TFT) is 
formed between the amorphous silicon AS and the gate 
electrode Gi and between the amorphous silicone AS and 
the glass substrate. A signal line electrode Dj shown by a 
broken line in Fig. 5 extends in the lengthwise direction. 
Reference marks SD1 and SD2 formed integrally with the 
signal line electrode Dj are a pair of source-drain 
electrodes which constitute the TFT. The source-drain 
electrodes SD1 and SD2 are formed on the amorphous 
silicon film AS arid spaced from each other. Moreover, the 
gate electrode positions astride the source-drain 
electrodes SD1 and SD2. 

Here, in the case in which the bias polarity of the 
circuit changes, a pair of the source-drain electrodes SD1 
and SD2 reverses their operational roles of source and 
drain. In other words, like a normal field effect transistor, 
the source-drain electrodes SD1 and SD2 have an 
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interactive signal transfer property. Therefore, each 
electrode (SD1, SD2) is called a source-drain electrode. 
Each source-drain electrode (SD1, SD2) has a three-layer 
structure (not shown) which includes N + amorphous 
silicon (high donor impurity concentration), chrome (Cr) 
and aluminum (Al) in this order from the bottom. An N + -Si 
electrode layer is provided for decreasing contact 
resistance with the amorphous silicone. A chrome (Cr) 
electrode layer is provided for preventing an aluminum 
(Al) electrode layer from reacting with the amorphous 
silicon (Si). A protection layer (not shown) is provided on 
the surface of the TFT arranged as above. As the 
protection layer, an Si02 film or an - Si3N4 film is used 
since they are highly transparent and high in moisture 
resistance. 

A reference mark ITO is a transparent conductive 
film connected with the source-drain electrode SD2, and 
functions as one of electrodes of the liquid crystal pixel 
PX. As described above, the source-drain electrode SD1 is 
formed integrally with the signal line electrode Dj. 

A reference mark LS is a light shielding film for 
preventing a gate region that is the heart of the TFT from 
being exposed by external light, and is formed by, for 
example, chrome (Cr) material. The TFT has such a 
transfer property that TFT becomes the ON state (a 
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resistance value between the source and the drain 
becomes small) by biasing the gate electrode to a positive 
voltage, contrary to the source electrode, and TFT 
becomes the OFF state (the resistance value between the 
source and the drain becomes large) by changing the bias, 
supplied to the gate electrode, to be close to zero. 

A glass substrate constituting a common electrode 
is provided with respect to the glass substrate on which 
the above-described elements, etc. are provided, and the 
liquid crystal is provided between these two glass 
substrates. The directions of liquid crystal molecules are 
determined by upper and lower alignment films. In the 
case of carrying out color displaying, a color filter 
corresponding to the transparent conductive film ITO is 
provided on the glass substrate constituting the common 
electrode, however the present invention is not limited to 
this. 

The light shielding film LS formed for each TFT is 
mutually connected with the gate electrode Gi of the TFT 
by a wiring made of a conductive material, such as 
chrome (Cr), put in a through hole passing through the 
protection film of the TFT. With this, the gate electrode Gi 
and the light shielding film LS are always kept at the 
same potential. Therefore, dielectric breakdown caused 
due to the potential difference therebetween does not 
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occur. 

In the active matrix structure, the TFT is provided 
between the scanning line Gi and the signal line Dj. 
Therefore, as parasitic capacitance which generates the 
coupling, there exists an overlap capacitance between the 
scanning line and the signal line, and in addition to this, 
an overlap capacitance between the gate electrode of the 
TFT and the source-drain electrode DS1. 

Fig. 2 is a timing diagram for explaining in detail 
one embodiment of a method for driving the liquid crystal 
display device. 

Fig. 2 shows, as a representative example, selection 
waveforms of the scanning lines Gl and G2, a driving 
waveform of the dummy scanning line DG and a waveform 
diagram of the signal line Dl. 

As shown in Fig. 2, the scanning lines Gl, G2, etc. 
are selected sequentially over time. That is, first, the 
scanning line Gl is changed to be the selected state that 
is the high level, and then the scanning line Gl is 
changed to be the non-selected state that is the low level. 
Next, the scanning line G2 is changed to be the selected 
state that is the high level. Similarly, the scanning lines 
G3, G4, ... G 480 is sequentially changed to be the 
selected level in the liquid crystal display device of Fig. 1 

In the present embodiment, in response to the 
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above-described selection operations of the scanning lines 
Gl and G2, the dummy scanning line is change to be a 
state (level) that is opposite to a state (level) of the 
scanning lines Gl and G2. That is, in the present 
embodiment, when the scanning line Gl is changed from 
the low level that is the non-selected level to the high 
level that is the selected level, the dummy scanning line 
DG is changed from the high level that is the selected 
level to the low level that is the non-selected level. At this 
timing, the TFT is in the OFF state, and the pixel signal is 
not supplied to the signal line Dl. Therefore, it is not so 
important that the coupling noise sent to the signal line 
Dl is cancelled by matching the rising of the scanning 
line Gl with the falling of the dummy scanning line DG. 

In contrast, in the case in which (i) the scanning 
line Gl is changed to be the selected level, (ii) the TFT is 
changed to be in the ON state, (iii) the pixel signal is 
supplied to the signal line Dl, (iv) the pixel signal is 
written to the pixel PX, (v) the scanning line is changed 
from the high level to the low level, and (vi) the TFT is 
changed to be in the OFF state, the pixel PX receives the 
coupling noise if the coupling noise is sent from the 
scanning line Gl. Therefore, in the present embodiment, 
at the timing of changing the level of the scanning line Gl 
from the high level to the low level, the dummy scanning 
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line DG is changed from the low level to the high level. In 
this way, the coupling noise from the scanning line Gl 
and the coupling noise from the dummy scanning line L DG 
cancel each other in the signal line Dl, in other words, in 
the source-drain SD1 of the TFT shown in Fig. 5. Since 
the noises are not sent, the pixel PX does not receive the 
noises. 

Again, when the scanning line G2 is changed to be 
the selected state after the selection of the scanning line 
Gl, the dummy scanning line is changed to be a level 
opposite to the level of the scanning line G2. In this way, 
the coupling noises with respect to the signal line Dl are 
cancelled. 

Note that in the case in which the scanning line G2 
is changed to the high level just after the scanning line 
Gl is changed to the low level, the dummy scanning line 
DG is changed to the high level in response to the change 
of the scanning line Gl. Therefore, the change of the 
dummy scanning line to the low level is delayed until the 
scanning line G2 is changed to the selected level and the 
TFT is in the ON state. In this case, the coupling noise 
caused due to the change of the dummy scanning line 
from the high level to the low level may be sent to the 
signal line, and may adversely affect the signal written to 
the pixel. In such a case, as described above, the levels of 
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the dummy scanning lines Gl and G2 may be changed in 
accordance with the driving waveforms of the 
odd-numbered and even-numbered scanning lines. 

That is, in the arrangement of Fig. 1 or Fig. 3, after 
the dummy scanning line DG1 is changed from the low 
level to the high level in synchronism with the change of 
the scanning line Gl that is the odd-numbered scanning 
line from the high level to the low level, the dummy 
scanning line DG1 may be changed to the low level 
between when the scanning line G2 is changed from the 
high level to the low level and when the scanning line G3 
is changed to the high level, in other words, the dummy 
scanning line DG1 may be changed to the low level when 
no scanning line is in the selected state. The same is true 
on the change to the low level of the dummy scanning line 
DG2 corresponding to the even-numbered scanning lines 
G2, etc. 

In the present embodiment, the coupling noise sent 
from the scanning line to the signal line can be cancelled 
by driving the dummy scanning line in a reverse way as 
the scanning line. Therefore, it is unnecessary for the 
signal line driving circuit DD to include a circuit for 
generating an adjusting level which takes the coupling 
noise into consideration and then superimposing the 
adjusting level on the pixel signal. On this account, it is 
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possible to simplify the circuit. In addition, since it is 
possible to cancel the coupling noises with a high degree 
of accuracy, it is possible to improve a display quality. 



[EMBODIMENT 2] 

Fig. 4 is an equivalent circuit diagram showing an 
important part of another embodiment of the liquid crystal 
display panel LCD. 

Again, at each intersection of the scanning lines 
and the signal lines (G479, G480, Dl and Dn are shown in 
Fig. 4 as a representative example), the switching element 
Qs made by the TFT and the display pixel made by the 
pixel electrode PX are provided in a matrix manner. At the 
same time, in the present embodiment, at each 
intersection of the dummy scanning lines DG1 and DG2 
and the signal lines Dl to Dn, only a switching element 
Qd made by the TFT arranged as above is provided. That 
is, a pixel electrode DPX shown in Fig. 3 is omitted from a 
dummy pixel connected to the dummy scanning lines DG1 
and DG2 in the present embodiment. The pixel PX (ITO) is 
omitted from the dummy scanning lines DG1 and DG2 
since (i) it is unnecessary for the dummy scanning lines 
DG1 and DG2 to carry out displaying and (ii) the parasitic 
capacitances are substantially the overlap capacitance 
(show in Fig. 5) of the scanning line and the signal line 
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and the overlap capacitance of the source-drain formed 
integrally with the. signal line. 

In this arrangement, it is unnecessary to provide 
masking means at an area where the dummy scanning 
lines are provided in the liquid crystal display panel. In 
addition, the pitches of the dummy scanning lines can be 
narrowed down by the omission of the pixel electrode. 
Therefore, it is possible to provide the dummy scanning 
line at an appropriate place of the effective display screen. 
In this case, in order to further narrow down the pitches 
of the dummy scanning lines, the TFT may be provided in 
the lateral direction in Fig. 5. That is, the source-drain 
SD1 constituting the TFT is extended in parallel with the 
scanning line Gi, and the overlap capacitance of gate, 
source and drain of an equivalent TFT may be constituted. 

Again, in the present embodiment, it is possible to 
simplify the signal line driving circuit and improve the 
display quality. In addition, it is possible to increase the 
freedom of positioning of the dummy scanning lines, and 
it is unnecessary to provide masking in the display panel. 

In a gradation displaying including a halftone level, 
since it is necessary to carry out a half tone displaying 
accurately, it is necessary to write the signal voltage to 
the pixel electrode accurately. Therefore, the technique of 
canceling the coupling noise sent from the scanning line 
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to the signal line becomes increasingly important as the 
use of the liquid crystal display device increases. 

The effects obtained by the above embodiments are 
as follows. 

(1) The dummy scanning line(s) is provided so that 
the dummy scanning line is changed from- the 
non-selected state to the selected state when the scanning 
line in the active matrix structure is changed from the 
selected state to the non-selected state. Since the 
coupling noise from the scanning line to the signal line 
and the coupling noise from the dummy scanning line to 
the signal line cancel each other, it is possible to obtain 
an effect of preventing the generation of the coupling 
noise. 

(2) According to the above (1), it is unnecessary for 
the signal line driving circuit to include a signal level 
compensation function for dealing with the coupling noise. 
Therefore, it is possible to obtain an effect of realizing the 
simplification of the circuit. 

(3) At each intersection of the dummy signal line(s) 
and the signal line(s), the dummy switching element 
equivalent to the switching element provided at the 
intersection of the scanning line and the signal line is 
provided. With this, it is possible to increase the freedom 
of positioning of the dummy element(s) and also possible 
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to omit masking means which is provided at a portion 
where the dummy scanning line(s) is provided. 

The present invention made by the present 
inventors was concretely described on the basis of the 
above embodiments. However, the present invention is not 
limited to the description of the embodiments above, but 
may be altered within the scope of the invention. For 
example, the number of the dummy scanning lines may be 
variously changed. In addition, the dummy scanning line 
may be provided at an upper edge portion of a screen. The 
level of the pixel signal transferred to the signal line may 
be three-valued levels as described above, or may be 
multi-valued levels or an analog level for the gradation 
display, etc. 

The specific arrangements of the liquid crystal 
display panel having the active matrix structure and the 
driving circuit can be variously arranged. 

The present invention is widely applicable to a 
liquid crystal display device using a liquid crystal display 
panel having an active matrix structure. 

[EFFECTS OF THE INVENTION] 

The following will briefly explain effects obtained by 
a representative example of the invention disclosed in the 
present application. That is, the dummy scanning line(s) 
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is provided so that the dummy scanning line is changed 
from the non-selected state to the selected state when the 
scanning line in the active matrix structure is changed 
from the selected state to the non-selected state. Since 
the coupling noise from the scanning line to the signal 
line and the coupling noise from the dummy scanning line 
to the signal line cancel each other, it is possible to 
obtain an effect of preventing the generation of the 
coupling noise. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing one embodiment 
of an important part of a liquid crystal display device of 
the present invention. 

Fig. 2 is a waveform diagram for explaining one 
embodiment of operations of the liquid crystal display 
device. 

Fig. 3 is an equivalent circuit diagram showing an 
important part of one embodiment of a liquid crystal 
display panel. 

Fig. 4 is an equivalent circuit diagram showing an 
important part of another embodiment of the liquid crystal 
display panel. 

Fig. 5 is a plane diagram showing one embodiment 
of a liquid crystal pixel. 
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LCD liquid crystal display panel 

PX pixel 

GDL, GDR scanning line driving circuit 

DD (S/P) signal line driving circuit 

TG timing control circuit 

Gl through G480 scanning line 

Dl through Dn signal line 

DG1, DG2 dummy scanning line 

Qs switching element 

Qd dummy switching line 

AS amorphous silicon 

SD1, SD2 source-drain 

ITO transparent electrode film 

LS light shielding film 
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